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^■^n^^mmm(omumitt^(DnT^:^m\zm'r^o 

^^mi^jsmmm^ (ls n <D^mm\zit. 7)is.-oa (ad 

^vx. h s I <Dmm:^m<Dumi\:(Dmmzm\ mmz^n^mn^m(D 
mm^m\$>^\^^\tis.u-r^>z^mf)^^cx^rco zLotcmz. mm<Dmmmit 
tvxmmumzm (cu) f)mm-^ti^^t)\zy3i^x^rco 

Vf)^V. Cu^^^^h-r^mmiz:^\^>xit. s>un> (s D ^p-y^jny 
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bfc^^SBSiaiitt. 2002-11816 9-^^^ m 

4) 33:i;?i|#IB 2 0 0 1 -0 0 7 2 0 4^^^ (03) (C^i^^nTVi^o 

01AlC:^t- ^^#:m.-?;&t?^fig$nfeS^± m^m) CDS iNm 
8 0 1±\Z. S i O2M8 0 2. Cu^8 0 3. T a/TaN|g8 0 4. ?&^e> 
jS:^T^iB«l<l:J^^Kb, -e<7)±JcS i NM8 0 5. S i 02fl^8 0 6. S i O 
NI1807, SiO2)^808. 7&^*il®lliJcj^fiK^nTV:>;5. 

01 C{c^'r<i;'5iC, i^Sfc. ;»$3 0nmOTa/TaN1^8 1 
O^PVD?* (Phy s i c a 1 Vapor D e p o s i t i o n^) ^ffl 

Cu^iifl-r-So 2 0 0'C-'4 0 CCai^^iaitT 5 ~ 3 0:J3'@g|^MS^ff 

cufflje)jx;?».8 1 i^m^t^o 

'A\^^X'miD\Z^'r^^\Z. CMP^ (Chemical Mechani 
c a 1 P o 1 i s h i n g^) *ffVi^i!l7^Cu$®T0tCJ;D^*b (Cu 

-CMP). m2<DCumm8 1 z^^^t^o 
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^^^y (Ti). ^y'^)], (Ta), UEo^^m^^XS^aymYM. ^TM^ 

cn^o^mTt^m-r^^ i (D^mM\z:^^^x\t. l s i <DWb\zm\ mm 
'\zm^Wi^^ ^ t \zj^^m^m^m<ois,mf)^^tb enxvifc, 

'^^i)^^m^^^nx\^^^/vj7)f.^)m\zm\^^^n^un(D0<\t. mj^o 
^^\zx/;^y^v>ifmizj^m-^n:hPVDmz^'DX. ^m-^nx^rco 

-)V}&\z. i^^tam-^x/^VT^i^jv^mm'r^^it^mmtfsipx^rco -r 
c0mm\zMi^x. mmm^^m\z:^sn^--^^fsim^f^ti^x\t. nuT 

^^JV(D^m^CVD^ (Chemical Vapor Deposit 
ion W)s fe-&Vi«ALCVD (A tmo ic Layer Ch em ic 
al Vapor D e p o s i t 1 o n) ?£/^cJ:^T£i£l^^ff ^ il tTfe-§>o 

MzMVXhi^-\z;V)T;^^}V^^mx^^^mi!)m^^^nx\,^:bo Z-tlB 

mmmmm^0^mimmmm(DmA-^mib^tix\^^^o cn«¥s 
i¥m^\z0mmm^m\^^^ctxmmi)^'Dis.mtixmm'r^rzmz. mmitrc 
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<tm (k=4. 2)) (Di&mmmitf)m^f^nx\^^rz. i&mmmmit. mpL\-i 

HSQ (A-r HDy>'>;i.-feX^:^:^-th> (Hydrogen SilsesQuioxane)) 
MSQ (p<5^;W5>;HiX4^:t^it>(Methyl SilsesQuioxarie)) CDO iti 
— 7}^>H— >^N^4^-y--r K (Carbon doped oxide)) ^SVitt-€-n^*#7LM 

^•^xmn^)V)r:f^^}v^imrr^m^\z. ^wmmifi^mzmmm. ^sv^ 
v^^7^-)V(ommii^B^-^nmmm\Hmzmxv. :^^m. ^^\^^t,\£7t- 

m UVJ7) r^^^fs:mm:^mm-^nx^^^'fyK !^~f^n(^m^^m(Dmm 
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j^iz-Di^^xm 2 ATbmm 2 f ^mm i.xmv< mmt^o 

(1) B-ic. .^iimmmm(Dmm\zm^m^m^-r^m^\z. mm^mvm 
Wim\zmmm^m\^^rzm^\z\t. mmm(Ditmmm\t~^miz4. ommx$> 

tmx\tMmiimm^m±-^^x\.t^^mm^m\.x^^tz (1^2 b#m). ii© 
^^f^mmM.^m'r^^^mum^-xmLhx\t. m^\t<^m2o 02-64 

n^:^^>J>t#Vi7j)t, m^\tWWi 2001-332543 IClBmCDJjtU-f 5 

^<om^^. #51 20. 0 3 - 347290 \z^m(ommmis.Ex\%. mmm^ 

—\zm^t^m^ti^ist^ibnx\^'^r:io 

(3) m^\z^^iiwmmm(Dmm\zmmm^mm-^^^\z. mm<o^\zm 
mm^^Lxi^^rco Mx\t. 2004-6743 \zmm<D^mx\t. rm 

'^^KJt^^^:t>j:.y^>-^^^zm^^tlX\^^^ (02D#M) fSiEomm^ 

^bT*3«9, mmzi 0 0 nmm&.r(Dmmm^<Dmm\zmm'r^z.ii\t0'^ 
\zmm'v$>^rco ^(otzib. mmmmmiz^\^^xmnm^^mm^^<m^v\ 
^^'^^nnm^momm^mmm'vi'^\zumx^^mmi!}^^tbf^nx\^^rco 

(4) mm\z. ^^mmmm<Dmm\zmmm^m^-t^m^\z. ^jimmmm 
mm^-t^^^mv^o tt^t. mmrznT^<m^^m(Dmmzmmmif)m 
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mximpmo 0332300 5mzmm(D^m^. w^m2 0 0 3 - e 
(5) ^Hj::. 0iinmmm<Dmm\zmmm^^mr^m^iz. #jm^s^^ 

^lltc. M^t^^ll 2000-174019 lzmm<Dyjv^ati-^^>^^:& 

mti&rir^t\,^z>mm=^mi.T\,^rz (S2f#^)„ ^©fc^*. ^pie^i:^ 

^^mmr^iitiz;^^. 
^^m(Dm-(Dmmu. ^mi^m^f}m^'^tircmm±(Dmmm\zj^m^n 

■^n^0mmm<Dmmmm\z^\,^x. '>;^< t% 1 ^(Dmm^^mummz^ 

^^^y 7 -3 T cfc Vi„ 
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t&tBW^iil$#tP^AU 1 a t 1 0 a t m%(DiBffll^T>' 

liT^O, MIB^lcD^^Jiji)ts i CN)]iT$»i9. MfB^20^aM;!i^S i O 
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CN. S i S i CNH. S i CH. S i OCH. <D\r'^'rnt)-^—^ib^^f3:^ 

mttism^2<Dmmmtf)m--<DMmf)^^m^-^n^mmmm^m^-r^zt 

^^mom^commu. ^mi^m'!'f)m^-^inrzmm±(Dmmm\zm0^^n 
^mmm^^xs\£y:^-Mzm^^mtir:b^mmm^^mvxi^^-^nrc 

•:^mz^\^^x. m^^;^^\^^tmmmyy^±izmm^-t^f^ 1 o^mmt. 
t9iB^ 1 (Dmmm±\zmn^nrz0^mmmm^m^-r^xu^. ^j:nmm 
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^mm^^tsmm^/v) Tm^j^^-r^xnt. wimmmm^^t^mmmjvj 
b < ^t\:fT^'-Mz^mm^m.mir^xmii^^t50mmm<Dmm:^^^mm 

^mm<omm(Dmm\t. ¥mi^mi'i)m^-^nrcm^±(Dmmm\zm^^n 
^^^M^,i:zS}dT^-)uzm^^s^^h-r^^mmu^^mLxm^^nrc 

::&^jccfeViT. mmm±\zm 1 (Drntrntm 3 (Dm^trntm 4 (Dmmmh^n 

^z^m2<Dmmm\zmmm^mm'r^xmt. ^3(Dmmmtm4(Dmmm\z 
^^yn^-jv^m^-r^xnt. mmmum^<i:zS}£T^.-Mz^y)^m^nrc 
mnmm<D±m. mm. j^mizmmm^^t^mm^/vjrm^m^^-r^xut. 
mmmmm^^tsmmi^jvj ys^irxy^^A'-/ ^ ut. mBmmmm<D±m. 
^^umm(Dmm^/vj Tm^m^r^xmts mw.mm^M\z^n^}dr^ 
-jvcDimoymKDmmm^m^-t^xmt. mmmmm. ^^zsifr^-A 
^^^mm^m^-r^xmt^^ts^mmm(Dmit-:^m^mm'r^z.tx^^. 

(1) m-\z. 0jLMmmm\zmm'^nrMmmmm. ^h<\t\^7^- 
ji'^y5m'r^mmib^^M^mmiz:id\^^x. ^^m^^tsmm^m rmx^ 
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nmU<OJLVi^Vu-^-i iru-iyH>-^7.hU7.^'i ifV-i^H>\zM\^X-m 

%mmnw>-^(Dm.wmn<Dmx^mu-r^^^^^\zi2.^tc}^^ o. i/imij^T 
umm^n^^o\zf^^. 
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Y;^i^xy 5^>>^^-. h t(Dm^^^-rmx$>^o 

m4D\t. m4A\z^.T=^^y':/m(Dj:y^>^j:m\zm'r?>. mp^m^ 
msATimms lu. ^^m(Dm2<Dmm<omm\z^^^mi^mm<Dm7t^ 
0 6Att. ^^m(Dm2(Dmm<Dmmiz^^^^mi$imm(Dmm^/vjym<D 
me Bit. me Aiz^rmmikJ^^j ym<D:j^y^>^xmizmT^. mp^m. 
m6c\t. m6A\z^t^^;vj7m(DJLy^>ifj:mzm'r^. mp^i^ 
m6D\t. me Aizm-r^^ yzfmojLy^yifjimzmr^. mp^^m^ 

^m7B\t. ^■mA<Dm3<Dmm<Dmm\z^:b^m^mmx$>'DT. mtaiz 
^r^^m^msoymwrn^^r^^mmmmx^^. 
m7ci,t. ^mm(Dms(Dmm(Dmm\z^^^mi^mmx$>'DX. mtaiz 
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msATbmmsFu. ^^^M(Dm4(Dmm(Dj^m\z^^mm^mm(Dmm:^ 
mz:^n^-m<D^jLm^^'r^^m&i^mx$>^o 

m9A7bmm9F\t. :^mm(Dm5<Dmm(Dj&m\zj^^^m^mm(Dmm^ 
mz:^\-f^—m(D^x^'^^t^^mmmmx:$>^^ 

mi 0A«. ^^m(Dm6<Dmm(Dmmiz^^^^m^mm(D^j-i!7mmm]^ 

mi oBit. :^m^<Dm6<Dmm(Dmm\z^^^mi^mm<Dv-i7mmmm 

mi oc«. ^mmomeommo^mz^^mm^mmcD^j-i^mmmm 
<Drztb(Dm^(o-^>:/jv<Dmmmm^^-rm^mx$>^o 

mi i\t. :$^^m(Dm6(Dmm(Dmm\z^^i¥^mwmm(Dmi oAnrnmi 
0 c izm-t^~7bm^^(DD->':f)V(D ij '-^mmm^M^m-rmx$>^o 

mi 2A7bmmi 2d«, f^-<Ditmm\z^n^^mi¥mm(Dmm.-^mz^ 
n?>~m(D^i:m^m'r^^mmmmx$>^o 

mi3\t. ^^mm7k<owmmmMim^it^Lrcmm^7r:irmx^^. 

01 4tt. gHHrslc^TDDB (T ime Dependent Diele 
ctric Breakd own) UUkf^^^^trnx^^^o 

'A\z. :^^m<Dmm(Dmm^mm\z^r)mm\zw^mt^o 

s-r> ^mm<Dm\(Dmmmm<Dmmmmiz'D\,^xmmr^. mdAjbmm 
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3 i <Dmm(Dmm\z^^^mi^mm(Dm7^:^mz^}f-f^-m 

±\z, 0'jLwmmm4o 2. m2(Dmmmr$>^/\-\^^7.^f^4o mm 
^;vj7m4Q6. ^^'jy^^)m4 0 5\zm^nrzmi(DCximm4 0 4. 

•^^\z. mi(Dmmm4 0 7t:mm-r^o $e>(c. ^i(Dmim4 0 7(D± 
\zm3<Dmmm'v$>^}:fymmmmm4 os^mmu \i7mmmmm4 0 s 
±izm4(Dmmm4 0 9^mmu m4<Dmmm4 0 9(D±\z^jLnmmm4 
1 o^mmv. 0iri'mmmm4 1 0(D±\zm2(Dmmm4 1 i^m^t^o 

^(Dm. m 1 (Dmmm4 0 7 «c uiH7^(^i!<ii^ir^<=i^^ y^monm^m 

^ne»©<b^%{c:^^, :^m^^m'r^mmt^m. &^\^^\t^n^^mmv 
fcih-^i^faia-v^iy). m^\z^^x\tmm^^^\.x\,^xhS:\^\ mx\t. s 

i C. S i CN. S i NH, S i CNH}fe^Tfe§« 
A.t^S i Oa^-^S i CM, S i CNH, S i OCH^7?*^„ 

i CM, SiCNM. SiOCHMTfeSo 

©^^Mtrxu/5^x h^;/yM. ^2(Dmmm^^\-'^^':^^mhm^-r^o 

C VD^fe^S Vi«D V S - B C B ^Mi^fcy^X-Tfit^^T^M Ufc^ 
m«BCB (^>\/i^i^n:/T->;£>^^BCBiVi3) UEX^^\^. i¥b 

<JS0 3C$:#MbTm^'r^. i^. i::i::TS^b;t^b^^J*i^^rbt)'fb#mfig 
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unm. m^vi. itmmmf}^2. 0-3. 0T^sji?&w*LVi, hsq (a 

-r KDy>->;HzX^:t^lJ-> (Hydrogen SilsesQuioxane)) m (MpLlt. T 
y p e 1 2^**), MSQ (^^;i/->;P-feX4^:t^-th>(Methyl SilsesQuioxane) ) 
M (^J;^tf, JSR-LKD'^\ ALCAP'^^ IPS■^^ HOSP"^**), W 
mt^^J-^-m (S i LKTM, F 1 ar e-^"), %>b<«S i OCH. S iOC 
im^\t. Black D i amond^^ CORAL'^^ Au r o r aUL 

K-^^ Or i on^^TSra ^v<\t^n<E>\z^mmt:'^/urmmmm. ^^\t 

it^«w«2. o~3. o-c;^^mf)m^v\,K is.v, minmm.m4 0 2^ 
m4O8\m'rvh0iinx$>^>jii:smt^^\ tj^ox. \f7mmmmm40 8 

HSQ (;W Hny>>-;i/-fe7.^:t^th> (Hydrogen Silsesguioxane)) 
m m^it. Typel2'r"), MSQ (p^^;^v-;^-kX^:t4^•t^>(Methyl 
SilsesQuioxane)) (^aj^Ji. JSR-LKD'^^ ALC'aptm^ IPS"^**. 
HOSP^^). ^m^^^J-^-m (S i LKT^ F 1 a r e^**). feb<«S i O 
CH, S i OC (m^\tt. Black D i amond"^**, CORAL'^^ A 
uroraULK'^^ Or ion'^^fSiii) %h<\t^n^\zmmm^^/urdm 

mmmmm.4 0 2^^xs4 1 0, ^^xs\f.Tmmmm:4 0 s^jg^igic^s; 



wo 2004/107434 



15 



PCT/JP2004/G07791 



ex. m^^t. T Sn, Zn. A 1 75:£(DSa^M^'^Wr^ ^1 i:-^, T 
a. Ti. W. S i :^^ZS^<Dmmim. (H^BS) ^^i: 

'A\^^x\ m3c\z^'r^^\z. ±m. o*DA-K-7Xi^M4 1 iod±®. 

$)§ViHi/U3>^ 1-1 0 a tm%©|gfflT^tj>:t^tl;^,^ 67^-5^, 75;^-^ 

^(Dm. mmmjvj7m4i 3\t. m^\tyyX'^m^mz^v)j^^-r^z. 
L-mx^^. mxu. Dvs-BCB&Mi^ibT. ':f^x^m^m\zM^ 

\-^. m^\t lEDM Proceeding. 2003. Kawahara et, ppl43. ?^<H(c:J; O^^TafeS 

B c B i: 2 mm.^j.±.<Dmn^m^^-^^xm^t^it^mn.Ex^^. 
^fc. mm'r^mmm/vjTm4i3<Dm-^\ito. i~i o onmigaeT&t^ 

m3D\zmT<k^\zmm^no7m4 1 3^jLy^Ayi7'r^o z. 
<Dm. ^mmmmuji^mmizm^v\,^j^y9-Ayi7\t. 07mmmm4io 

^m^/^^Jrm4 l 3(DJ:y^Ay^-Xu±:7.\Z'D\,>X. CHaFg/Ng/ 
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l^J:ZS_JLy^7shyZfm4 0 9(D^m'^m&^ 1 0 a tm%OT, i^l^l^A 
UT«4 1 3 0mm^^m^4 0 a t m% <h ^i^'t4AUyS4 1 

3(^X«;/5^>iJfl/-h«A-HT7.^]^4 1 1 *3 J;tJtx-/5^7. h -/ :/m4 0 9 
ic^fUT^atci 0ij;±J:D:*:#Viffl:!5t#e>n-5;t86. A-h*"7Xi7|^4 1 1 
ii^nJly^7.hy':fm4 0 9 ^^^^nTlC^ScliiT&tT^So ^(Dtctb. 

x.y^>if^\z^\,>x0iinmmm4 1 o (D±®5{>t^m-rsc<i:*«;^vi. . 

c\zx:^m(Dx.y^>'^u-h(D->^ju>^mm^^^^^'r^ mmm 
^Bizm^'^nrcmmmvj7m4 1 3*^5fei-§fc8e)®xy5^>;^{cBibT. 

-y-r Hx-/^>:iffcJ;oT. OTfcJ^^bfci^igfel^AU TP4 1 

3 Titled bj^vifc:'b5{)i;^>^t»^.-rm^$n-^-rvio ii»i4A*ur]i4 i SF^ici^e?!! 

^\t3 a tm%cD->Un>$'^Oc:tTX:^[p)CDX-/5">ifi/— h^iSMb, 
it-f Hx-/^>i:/S:J5$!J-e#^<i;3t3;^S, Jje^c, ->^J zi >^mm\Z^^iyr:i 

_)ttJLy^>^^-^iimx-:^^mmvxmj:^^mm-t^m'^\z\t. mm^/-^ 

Vrm 4 1 3mz\t. /\-}^'T7.^m4 l l. *5J:i;tX-/^X h^;/yM4 0 9> 
'A\f^X. m3EiZ^'t^O\Z. \d7^^<D^^yZfm4 0 7 ^X-y^y-iff 

-So c:®B#. wm^mmnx^mm\zm^v\f^^^y:/m4 0 7 (Djiy^y^if 
}t. mm<Dmmmjv)7m4i s^^^-r^ctfsiK. HTJS0D+^yyiii4 

0 7 (D^^mn^\z^.^T^::tx^^o 
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5atm%. ^^y:/m4 0 7(Dmm^mmt:2 0 atm%. mmWVJTM 
4 1 3(D^m^^A^4 0 a t m% tVtc^^lZ, ^^yzfM4 0 7 0!)Xy^ 

n^fz.^. um.mmmm\z^m-^tinLmw&n^)7m4 i st^i^^^n-rfcB 

-So 

z(D^^\z. mm^/v)ym4 1 3^iz^^n^^mm^^xjiy^>i^u 
&.±.ti-^ e. . ^^m.mmm.omm\zmm'\stn\)rm^m^T^Tz.mzmmim 

j^viT. ^ 3 F (c^-r J: >5 \z. m^z-^ tircmmmizm 2 © c u ^^aj^ii^, 

MTi^^vio jvj7:>^^)vm4i 4(Di^m:^m\t. mmm<Dmmi!)mm^m7 
m4i3\z^'Dxmt>nx\,^^-/ttb. cvDm. pvd?*. ALcvDrntsi^. 
v^-rn^ffiViT'b^vio sfe. mimmm4 1 o <hAUTp^37;i/fli4 1 4 1 
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ei^Bt. Cu(Dmibj^^:^m\t. PVD^. I on i z e d-PVDfe, C 

isbmm^m,^0. 1-5. Oatm%-^^$i±fcCuS 3 0 - 1 0 Onm g 
Ril 0 0 nm. 1 cm, 10 0 nmO If T#^C[)iU?^fjiffi+J->:^;WC 

h U7.mm^^^^m\^vrzo jt^^ ^c^gi^i^Au ym t ltb c bm^#m 
\zmmLrz'^>':f)vt. j^^\^ti\^^-^>y)u^wmvrzo BCBm^mm\zm 

^•T'S^l.hT, Ifei^^^cDMTF (Me d i an Time To Fail 

ure) i^rBi:^>«^5fgekiib> wM^Whi^mizi&mvrzo 

Bc Bmt:mm\zmmi^-^^^-^>':^Mz\,^x\t}:^r^^^ o o^MbT^t^^je) e>n, 
BCBi^t:mmzmmiyrz-^>-fMz-o\,^x\t\d7^m^i:)(o'^^mmi^ibn 
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m. TaN¥]i^fflViT'foJ;Uo 

h\z^Ki mmmmmti^^ib o ®iii®iti!^T?i^T^> t emjcuoa eel 

S (Electron Energy-Loss Spectoroscop 
y) Jtt;fEDX (En e r gy-D i s p e r s i V e X-ray Spe 
ctoroscopy) tS^E(D7tMj^^\Z^K^ . S i . O. Cifimm^^^o 

<D5mf)m^-T!^^ o ^ i^c^co F^diitc c u ^^K4^^:■r § ^ ^ ;wj^>t^g-r § 

^^^T. Si. Oj&^-^^nxVi^W^i^T, C uSH^©-f >7^iy W->^ 

(II2©^JSJ^^) 

^mm'm2<omm<Dmm<r>mm.mm.\z'D\,^x. ^m-t^. 

3 0 1, 'm2<omm.mii^^i^^;\~\i'^7.c^mi ^ Q 2\ w.immmA'^^t^ 
^^^v:f^i 3 0 3. ^Timmm^i 3 o 4. m2(Dmmmif}^^fsi^;\'-\i 
-^7.^ mi 3 0 2<D^n-^n^mm-r^o 

A-h*T7>i:7Ml 3 0 2Ji, ^JAt^S iOgH-^S i C)li. S i CNI1> S 
i OCHmT^^o 
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ViTfe^Uo mX\t. S i C. Si CN, S i CNH;^i:T?fe§o 

itmnw2. 0-3. o(Dmx$>^^ti)m^\^\^^o mx\t. hsq 

(A-r HDy>->;i/iz:7>^:t4^-y-> (Hydrogen SilsesQuioxane)) m 
Typel2TM), MSQ i)^'3^)Vi^)V±.7.^:t=¥D-> (Methyl 
SilsesQUioxane)) (^njAJf, JSR-LKD'^^ ALCAP^m, IPS'^**, 
HOSP-TM). mWfrsVyr-m (S i LK-^^ F l a r e"^**). 'bb<«S i O 
CH, S iOCCMAt^, Black D i amo n d"^^, CORAL"^", A 
u r o r aULK'^^ Or i on'^^U^) h]^ <\t^n^\zmWtm^^/vrcm 

^mm-^itrcm^Mmmti.xmvf^ c h-^tx^^o i^^^tc^s:DT±M-^TM 

^^mm. mxvx^!^<. mm:i^\^\zm^^^^mvx\^^x%.k^^o . 

ifymmmmmi 3 0 {}>u< th~m&.±(Dmmmx. itm 
mm-^^ 2. 0 ~ 3 . 0 (Dmx^^ ^ tfim^viK 1 3 o 4 jcct 

■DX-\-mzi&\,^mmm^m^m^n^m'^\z\t. \dTmmmmmi 3 0 1\^>^^ 
•rv%0rjimx;^^'^^m\tf3i\^\ \d7mmmmm1301\t. m^^t. hsq 

(A-f Kny>s^;i/-fe7.4^:t^it> (Hydrogen Si Isesquioxane)) m mx\t. 
T y p e 1 2 ) . MSQ ( p< 5^ ;i/ e> ;i/ -fe X> =^ ^ it > (Methyl 
SilsesQuioxane)) ]^ (F!lx.tf, J S R-LKD'^", AL C AP"^"^. IPS"^^. 
HOSP^»*). ^m^^J-^-m (S i LK^^ F 1 a r e"^^). 'feb<ttS iO 
CH. S i OC m^\t. Black D i amond'^^ CORAL■^^ A 
u r o r aULK;^^. Or i on'^*';^^) feb< tt^ne.^C^a^^^'^^;^^ 

mmm. a5-5«c:ne.©ii©#?L^ (.mim) '^mm(Dmxu^^m^\z\t. m 
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fe'5Vi«i^U3>$ 1~1 0 a tm%<DiefflT'^OW^«^5i|ie>?^S®-Z?fet). 
A-K"7Xi5'Ml 3 0 Z^^ZS^^y-l/mi 3 0 3 J: 0 < , A 

3 0 2^^ZS^^y':fmi 3 0 3 J: 0 'bii>75:l/i^Hi^-e-> U zi 

m^it. BCB (^>l/vi^ny7"» 75:^T&D^ B C B^b-&i^3^£feffl 

ti. DVS-BCB<£m!^ibT. y^XTm^^lC<J;i9fiJ&Jiib/bBCBM^. 
«aJA« lEDM Proceeding. 2003. Kawahara et, ppl43. U^\z^y)<ii:^X$>^B C 

mm-r^M'^ i ~ i o o n mumf)^^ < . $f ^ b < \mmfsMmm\z 

mm^/Vjymi 3 0 7©X-;5^A-/i^>^n-kXlCOViT. CH2F2/N2 

m6A\zmm^m7mi3 0 7<^x^y5^>^:^ri^^^-ro SBM^iiS^uoi/ 
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-^W*^ 1 0 a t m%&rf. mm^JVJ 1 3 0 7 CD^^#WS^4 0 a t 
m%<hbfc^'&tc:, ^g^ttnUT® 1 3 0 7 (Dx«/5^>^1/- hJ^A- H-TX 

>i^u— ho>-ur3>-&wa^#ttS:^-r, fib, gB^?ijsi$jc?i^fiK$nfe«fi 

^ttA*UT®l 3 0 7 *|^*-rsfe5e)©x»/5F>^jc:gBbT, e^Un>$*o 
KX'y5^>iy{c=k-DT. -diJMfCJP^ifebfeilg^^AUTjll 3 0 7/0^^121.^ 

\^^iz%-^^-fy^tD(=>-rm^-^n^-r\^\ mm^/vjymi 3 0 7rtjc3 a tm^cD 

>'iJn>^#WT-5Cli:TX:;&|p]©Xry5^>^^— Hxy5^ 

^^vx-miKDmrn^n^rctbizy^. mmitj-^^jrmisoimzu. A-h* 

•7X^1^1 3 0 2v ^XU^-^yymi 3 0 3cfcJ3fe/i>;^Vi|ga'e>-Un>]H 

mmm\zf^^-^nftmm'{i./vj7m 1 3 0 7iim^^tvr\zm^o z.<Dm^^ 
nmmmi 3 0 Aommmm'^n^yymi 3 0 7ic:^oTM*DnTVi§^c86, 
x-/^>i5^NFjc:fiitscbfecuj&t#?LMmmi 3 0 Ap^mzmx-t^^^^m 

\t. mm\zj^^^nr:imm''&mTmizo7^^ict^z.t.ts.<. \^Tm.(D 
^^^y':fmi 3 Q zo^^m^mzm^-r^^txh^o 
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^^yMl 3 0 3<Dmm^^m'^2 O a tm%, j^i^14A'UTP 1 3 0 7 
^^W*tr4 0 a tm^ibi^c^'a-tC. ^^y^Ml 3 0 SOJLy^yifU— 

A-H-77.i^mi 3 0 2, ^^zmmmmmizm^-^nrc^^j-^^jTm 
1 3 0 7 tti^^^n-ridjis, 

3 0 3 i:A-H'77.i57i^i 3 0 2 ^m-mtLrc\^^m'^\z\t. 

A-FTT^i^j^l 3 0 2(Dmm^=^^y:^mi S o 3 J:0J»< bT*5<. 
Vi^^^-^'-zr/mi 3 0 3 J;0i^^'^>ta;&^<£Vi$Ji^$A-K-7Xi7Bt.l 3 0 2 

. ii(D^o\z. mm^^'^vr'mi 3 0 7 f^\z^^n^mmm^-DTJLy^>'^ 

u^±j&^e>. ^'^mmm<r>'sm\z^^n\}ym \ 3 0 7<&j^^!fc-r^feJS)jc 
ftji?5:i^a£i4A*u 1 3 0 7 (Dyimt.. mmsLn^} 1 3 0 7 F^oDj^m-^ 

^mM. A-K"TXt^llgl 3 0 2. *5d:r)t^^yy)!ii 3 0 3 J:0*)#Vi^^^|s^ 

<hf mw^n^)ym \ 3 o 7i^}c«, a-Hn^x^j^mi 3 0 2, 43 

/N*UTp^^;H 3 0 SMJC^t^nfeCuSB^l 3 0 9<£CMPtc:J;oT?^fi£t" 

Cu(DS2e>)25.^:^^«, PVD^fe. I on i z e d-PVD^. 
CVD^. y'^X^CVDS. «#p^^/^r^. Si«#^^y^^;^j:<H^fflVi^Jl 

xm^\t. Ti. Sn> Zn, Si, K\UE(DW^^m^'^^t^Z.}i^^ 
Ta. Ti. W. S i*3cJ;t/-eo^^'(b2^, S-S Vi«-e(D|tjlM (m^BlS) U 
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ibmm^m^O. 1-5. Oaitm%^^-^'&rcCum (jp^s 0-1 0 Om g 
AUT^^;H 3 0 8tt. Ta. Ti. W. S i 43 j;t/^OD^m^b#l, fe^ 

\^^\t^(Dmmm (s^ms) 7i^/0ie,;^§o ib/^mmji, j^i^ttA-uT/ii 3 

0 8 fCd;oT^^S$nTVi:5fed6. PVD^. I o n i z e d - P VD^^. C 
VD^. >^^X^CVD^, iiCVDfe> ALD^ (A t om i c Laye 
r Depostion) Vi'rn0:35-&iCJ:oT^Mf ^ C i: t>T#§, 

3. \i7mfiimmmi 301. a-hx^x^mi 3 0 2^^^t^o 

0 8. Cul^l 3 0 9J5^e)75:§Cu7'■7^§?^^«f ^, 
?LM^,m^l 3 0 4, J\—\^-T;^.'^mi 3 0 2 ^aHUTJ^fifef -S. 

1cm. 1 0 0 nmOfT#^<Z)«iFJ^|fttit>y;i/Jc^LT, 12 5t:T3. 

fco BCBm^mmzmm^^^tX. mmm^(DUTF (Med l an t 
ime To Failure) mm'^msi^^mi^. H^M^Z^^ir ^b^m^ 

nm(ommiizmmvrch(DtmU(D:i5mzx. nmm^^h^ 
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•rfeoT, El 5 1 jc:^-r^if!g3&^e>. \f7mf^mmmi so i ^^mums i o 

CHJi (Black D i amond'^^). =^-v^;/:^mi 3 0 3$S i CNIH. 
^^nmmmi S O 4«r#?LMS i OCHI^ (Au r o r aULK"^»«), A~ 

K-TXi^Mi 3 0 5^s i o^m. mm'&fV)Tmi 3 0 r^BCBj^tufe 
(c^-r^fife*^e.> bf TMPeiiifeiitiii 1 3 0 i*'>'jn>^^bM, 3 

0 3<lrS i CNM> ^Jimmmmi 3 0 4*#?LMS i OCHUi (Au r o r 
aULK*^"). A-F"77.iJ7Ml 3 0 5 S i CNfli. ^gaff^/tU TJS 1 3 0 
T^BCBSilC^^MUfe^^Tab^o ^nj^A^(7):^fifeJi, 0 7 AfdS^T^fiKt 

m? c\z^'rmmmm\t. m? A\z^'rmnm7&(Dm'^M'v$>^x^ mi a 
\z^-tmm-fy-^^. A-H-TXij7i^i 3 0 s^cu-cupmmmiz^'DTm 
vi/c^BjcT^^o ^nj^A^(Z)«^«, mi Aiz^tm^tm—x^)^. mem 
mz\t. i^-#mf-^^#UT2&§o mi ci!}^io^i!}^x^r). ^ 

miD\z^irmmmm\-t. m5i\z^'rmmmj^<D^^mx;&^x. msi 
tc^-r^^;o^e>. }dTmmmm^i 301 ^#?l«s i ochu, =^-^yfm 

1 3 0 3^S i CNfli. ^limmmmi 3 0 4^#?LMS l OCHM (Au r 
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o r aULK'^M)> A-KvXi^lSl 3 0 5 ^S i OgM. mm^J^^JTMl 3 

mm^. mi B\z7T:-t^mmmtm-x$>fo. m\:^mmz\t. m-mmM^^ 

m? F\z^-r^^mm\t. m7 Biz^-rmmmTtom'Mmxi&^x. miB 
iz^rm^f)^^. /\-\^'^7.^mi s o s^wmvftm^xi^^o ^neA^cD 
m? B\z^tmmmi&iim~x$>y). iwiu^^icn, m-mmn^^ 

mz. ^km(Dm4(Dmmj^m(Dmmm7B.\z'D\,>xmm-t^o :^mM(Dmm 
it. m 1 mmmtm 2 <Dmmmt^m-umxm^t^%<Dx$>^. 
m8A\z^-r^o\Zs ^mi^m^i!)mm'^nrcmm± m^m) \z. ms(D 

'mBf^-A^^f3:^\d7mf^mmm2 0 0 U&^J^^^tlT^SO^ ^(D±\Z3 0 nm 

<om4(ommmmm-^^^f3i^:3iy^7sh^y'fm2 002, #?L»^ii^jii2 0 0 
3. m2(Dm^m2 0 0 4. ms(Dmmmmm2 0 os^mm^nx^^^^o 
&.Wi<Dm.mx\t^n^ti(Dm<Dm]^^^. mKDmmm^^^y^^m. m4 

:i<Dm. x^y^7.hy':fm2 0 0 2Rum5<Dmmmmm2 0 0 5\t. cv 
Dmxm^hrcs i o^mx^^o ^nmmmrn mmmmm) 2 0 0 3«. 

CYDmxm^Vrzitmnm2. 5©#?LSSiOCH (AuroraULK 

'^^) mx^ho m2(Dmmm2 0 0 cvDrnxm^vrc. s i cn^t 
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CBM2 0 0 7 ^X^;/5^n-;i7b, g3^t?i 2 0 0 8 ^^PlPf^o ilOBt. 

i^>m2 0 0 6<DfiijM{c?^^K$n;^BCBM2 0 0 7 \t^^-^n'f\zm^o C 
(Dm. m2(Dmmm2 o o f^5(Dmmm.2 o o 5{c:j:oT^M$nTVi 

;^CuIi2 0 1 0 <l:ffii?)3XOo ^:(^^Cu(DSJe>)i^;^feJ^. PVDSfcctO 
J^fi^bfe 1 0 0 nm(DCull^i£->— Hg^bT. MOCVD&tCJ:0. CuH 

,^liT, 5^^j7ij:Culi2 0 1 0^. CUPmz^^-DX^^ir^o ^(Oii^. 
ll2®«fei^MT&^S i CNI12 0 0 4ta:^^JCu)li^*^CD'^^Mi:bTf^ 
ffib> #?LKi^M]K (Au r o r aULK"^**) 2 0 0 ST&^^tHT-SIlt^Bi^Co 

J^Vi-C. EI 8 F ^C:5^■r J; 5 tC, MV^T, B 1 ®i|6,^llTa5§ S i CN)3i2 0 
1 1 ^5 0 nmfl^figb. :$^Ti/>CuSB^$#^„ ;i(DBt. ^2 0^^fli2O 
0 4^:. m^^i^j^Tfe^S i CNM2 Oil t.\m—(DUP[OS i CN:6i 
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u^2 9 0 1 ^?^fiKU,Cul^2 9 0 ia)±l'S i CNj^2 9 0 2<&J^fiJcT-5o 

mmmm2 9 0 3±\z0'iinmmm2 9 0 4^*111 m1m.mm.m2-9 0 4 

(D±tC S i O 2^ 2 9 0 5 ^m^-t^o 

ci(D^wj-e«^ \iTmmmmm2 9 0 3 ^c■^sn§^^^wfi^$|J^i■r^ 

tf T^^1«fiJi:lli 2 9 0 3 3 . 0 ^'^(Dn^^iimmii^ €> ?5: D , ■g^J 

AtfS i Oa.- HSQ. Si OCH (Black D i amo n d'^";^.<h') T 

afe 0 . miMimm 2904 um^u^jiM(o s i o c hmts: ^t, l < 
e» izmm^^^/vfimmmmu £ir& ^, 

ffiV^T. MFBlj^iitMl^JC:-xa.7;i/^x'-»iB^ti2 9 0 6^?^^i-^„ 

0 9 CJC^f ck^Jclx :^M. O^O S i O2II2 9 0 5<7)±®. :J3 

^zmwim2 9 0 6(7)M®*5.^tK^-v^:/yM2 9 0 2 :^j:UiiYmmmmm2 

9 0 3(D±®Jc^,mi4A*UTjiT£5^BCBJ3i2 9 0 7 ^J^figT-S, 

^^Vi-lfx |g9DJ;::^-r<k"5tCBCBj^2 9 0 7^X-/^A-/t$7U, ;^Vi-e> 
m9E\Z^T^o\Z'¥^y':/m2 9 0 2^JLy^>'if-t^o Z.(Dm. ^iSslBB^ 

(Dmj:^mm\zm^iy\^^^^ y:fm2 9 0 2<DJLy^>^\-i. 0iinmmi^2 
9 0 4(D±m'fymm'r^:itf3i<. b*Tis<D^^^«/yiii2 9 0 2CD^^M^e<j 
izm^-r^^ifv^i^. 
mimmmoDmmizmm^/'^'j ym^m^.-r^tcisbizmmumm^/vj r 
mm^/'^^JTmp^cDmm^^m^. A-H-7Xt^ii2 9 0 6. ^^xs 
\£Tmmmmm2 903. *3ckr;^^-/:/i^2 9 0 2 j;o#<f ac:<hTx^> 

y)iw«fei^)i2 9 0 3\z^^n^mmm^. Mi4;tuT®2 9 0 7d;Dfeif> 
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Cu<DmisbTl,^:^mt. PVDfetdJ^DA 1 <£0. 1-1. OwtX^tSC 

(.meommmm) 

'Aiz. ^mm(Dm6(Dmmmm(Dmt^m7t\z-D\,^xmm-t^o :^mm(Dmm 
^>v->i7u^^>BCBiz^:bmLmm^m<D^Mtimm'r^%<Dx^ 

m!j^<Dm 1 Bsn 5 0iijg©j^®jc:iBm©> ^mmmtmmmmmt(Dm\z 
mx-r^mm^v) 7m^:f9X'^m'^^x^mvrz^>Vi^^u':r^> (b c 
B) mtvrzm^iz-D^^^x. mmmx(Dm^m^^m.mt^o 

mi 0A\z. zy^yzi>Mm±izcvDmxm^Lrcmms i ocumo^ 
^mrnvrcmT^^^-ro mi ob\z. #?lms i ocHji±(cMocvDj4(c: 
xcu^mmi^rcmT^^^-r^ siocic^ MocvD-cu<i:#?L@s lo 

CHIIit<DK(c:ll»7 nmOy^X-7a'a-JCJ;t)?^fiKLfc:BCBm^#Abfe 

MOCVD-Cu©Mi|SftcHCu p raselect 
UT:^fXlCti7K^^fflViT> ^^i!a^2 0 0*C^ ffi:^ 1 0 0 P a tClT 3 0 0 n 

MbViMjcfsfcfe. '^>':/)m^wzmmmmn^izxm.m3 sox^xs 

mi oA7i;S0i 0 c\z7r^rmm<D-^>:f)V(D^:-r^mm.^wi^Lrzf^^^ 
mil iz^-To m 1 0 A\z^'rm7Bx\t-t6^\zm^mv u^mm^nx 
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1 0B{Z7R-rm^T'\tmm\zv-'i'U^)v-fy^±^]^. ^nms iocHm<Dm 

#-r§eit7^<^i 0 A\z7r^tm^ii-m'^'\-mzm^m')-^mm.iimib 
^Td. •^>y)V(Dmm^mj^mnTmmm (tem) izm-otct::^. m 

1 0 B (C^-r«ii-ett^?LK S i OCHmtMOCYD-Cum^<D^mit)^^ 

^mi?^^(DizMvxs mi 0 c\zm-rmjB.-v\t7 nmmm<DBCBmi!)m^ 

Z.(DZ.}ii)^^. BCBM7j)5MOCVD-CuJ[^!^©#?LMS iOCHI^|^g|5 

ti^i2.\^^z.t.\t. uo- cYT>m\z^^cum(D^7si^m.ffifs.i)^'Dtcz.ii\z^y) 

]!inAEDX7^^©7C^:^*ff^c:J;0W, N MO C VDcDT a NOD . 

(Jt^^Til 1 ) 

wim<D:^%m<Dm^(Di^m\zn't^);tf^m i jc'3)#ij;Ti2iMs#flgbTija^ 

mi 2 AJc:5^-r ¥##:^^;^)^?^fi£$nfeS^± (S^|ii§) CDS i C 
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Ml 1 0 1±\Z. 0^JinS i OCHUl 10 2. ;VJ7;^^}mi 10 4,^ 
KDCuiS^l 1 0 3. Jii^e>7iSTBCuiB^^iji^?^fiKbfeo ^?>\Z. Si 
CN-fy^^^U^^^yZfmi 10 5. #?LMS i OCHUl 10 6, X.y^7s h 

y':fmi 10 7, #?LMs i ocH^i 1 0 s^mmvxm^vrz. 
yTzy>mmmi i o 9^j^^b;^co 

^bTb*-5o ^e©±tCPVD}S^CctDCui>-H)l^?pfigb, 
0 C uM 1 1 1 1 ^ii^«b;^Co 

J:-=)T^*t-seit'T?, ^jii3^^3t^?l^^b;^o c:(DJ;5tcbTj^^bfe^ 

iiiBSiottti&ffhaiibfct ^15, A*>j T^^)v<omim.mp^^^<Dmx\zmm 

(Jt^^«J2) 

Jt^^^-Tc i3^<D?^fi&XgtiBI 8 ATbSH 8 F \Z7r^V fz.f^ A <D^m<Oj^m\Z 
m2®^^M^S i CNE<hb7t:^^Jc:, ^KDJ^ii^M^S i C|^, 

tz.^'^\Z\t 2 MV/c mtfSVi Z. t.titt)ti^^. 
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01 4fc. ga»1©TDDB ( t i me dependent diele 
ctric h T e akdown) Um^^^^^-fo 1 5 Ot:T. 1. 5MV 
/cm<D7.hUX^S = l 4 0 nm®@B^Fp1fc 5 0 0 ^^^EPJjBUfct S 

i cmis^zss iNm^m\f^rzm^\z\t.m^i!)m^i^rz(D\zMvx. s i cn 

^zLtx. 0^nmmm^mmmmm(D~mzm\^^rcm^\z. mmmm^^i^ 
±-^^^z. tf)^x^^. , bfcT&toT. 0mmmm\z0'jiwmmm^mx'r^ z. 

^TtiK&^-x \zvrz;^ u 7mt\t:k^ < mf3i^^<ox$>^ z. mmo 

■vm^^M^mmm(Dmmm^:^t^(Dm^:^mzm-t^h(DX'htni^. h^^^ 

hmM(Dj^mRxj^mmmnmzmm^mifxmm^wi.m-t^fzib(Dh(D-^h<:>x, 

it. ^m^\zt^x^m^mm^m-^iAmizx^^^<(o^iE^xx^w:mmMx 
h^z.ttm^x^^tK :i(Dxt>^j:^M^^iymm't. m-^<Dm^m(DM<Dm.mR 
nmmzm^i-^h(Dxh^^tmM &xh^. 
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mmmo 

2 . m^mmnnv rmu. ^\zi^^j n >m^^'^tsmMm i \z^ 

4. mummmmsmmmw:f'7if(0(>is.<ii^\-:)3(o±.\z. ^ 
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5. mBmmm±\z: ^i<Dmmmtm3<DmBmtm4<Dmmm 

mm. :^j;izsmmf^4<Dmmmt}d7mmmimtmmm 1 (Dmmmt^nm 

If 5 x« 8 izBm(Dmmmmo 

1 0. MfBW^i^$"^$^i^s^/N*UTii/?>^. s i -om^^^ts^mm 

1 1 . M^W^tl^^t^^ii^A'U rm-^Kl a t m%'- 1 0 a t m% 

(Dmmp^ri^^j 11 >^'^tpw^«^"rfesit^]^ 1 t^m 1 0 coi/^f n*^JciBmo 
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12. mmmmm^^nmm^/^^jrm-^K i^\i-jw>u^^>^ 

H9SBII 3 (D^m^/^>t#?LH S i O C H^TS D . MIBII 4 S i O 2 

MIB^ 3 (D|giiStM7&5#^#?LM S i OCHMTfeD. tiflE^ 4 (D^ii^Mj^? S i O 

1 8 . MIB^ 1 (D^iilia:^ 2 omW^t.ii'^. Vi-rn t)ISI-#?^T 

75^"::?S i CN. S i C, Si CNH. S i CH, S i OCH, (D\^'fn 
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1 9. ^mi^Mm±(Dmmmzm^^ti^0m^m<Dmummz^ 
mi^m 1 9 \zmm(Dmmmmo 

2 1 . ^mi^m^f}tm^-^nrcmu±(Dmmm\zmm-^n^mmm 
:^^xs\dr^-)uzm^^fS^^t1^^^mmm^^mvxm^■^nrcmm^^ 
z:^mf(M^^^^mir^mmimmmmm.mm-^n^0mmm(Dmm:^m\z:i3 

^iH^ $) ^ niiig^ y ^ if ± izmi^m-t ^mi (ommm h . 
mBm 1 (D'4m^±\zm\i^^nrc^jmmmfM^M^r^xmt. ^^xsmm 
^jimmm.m±izmifBnrcm2<Dmmmii^m0^t^i:mt. 

m^f$2<ommm. ^<i:xs0iLnmBmizmmm%v<\t}d 

±m. mm. ^m\z^mm^^tsmm^^'^^jrm^m]^-r^xmt. 

mtmmmmm. hv<\t\i7:i^-Mz^mm^m.m.-t^i: 
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2 2 . ^m$im=f-f)m^-^nrzmwi±(Dmmm\zj^^-^n^^^^ 
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mi A 
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3/61 

mic 
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9/61 



m2E 
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02 F 
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3 C 



413 
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